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Lighting system 



The invention relates to a lighting system comprising a body which in 

operation, emits visible light and comprising an envelope which tiansmits light 

Lighting systems of the type mentioned in Ae opening paragraph are known per 
se and compnse, for example, incandescent lamps, such as decorative lamps, for example so- 
cdled carbon fUament lamps, wherein the incandescent 

of carbon on a earner material. Other examples of such lighting systems include lamps 
provided With a light^mitting body in the form of cross-shaped, star-shaped elements or other 
decorative or devotional elements (for example the letters "love"). 

10 , , 

10 relatively low luminous efficacy and a limited service life. 

It is an object of the invention to provide a lighting system of the type 
mentioned m the opening paragraph, wherein the luminous efficacy and the service life are 
unproved. To achieve this, the lighting system in accordance with the invention is 

characterized in that 

15 the lighting system comprises at least one opto-electronic element which in 

operation, emits light in a first wavelength range, 

^*^**^»^^yi^P«'videdwithconve,.ionmeansforconvertinglightofthe 
first wavelength range to Hght of a second wavelength range, and 

20 ofthe first wavelength range. ' s- 

Opto-elcctronic elements include electro-luminescent elements, such as light- 
ennttmg diodes (LEDs). Such op,o-elec,n>nic elements arc used as a source of white or 
colored hght for general lighting pu^-oses and as a source of colored or white light in signal 
lamps, for example in traiBc control syst«ns. vehicles, aircraft or other means or systems of 
transport. In recent years, apar, ftom yellow and red Ugh. emitting diodes on d« basis of OaP 
cfflcen, blue and green light emittmg diodes on dte basis of OaN have been developed Such ' 
opto-electronic elements have a reUtively high luminous efficacy 20 ImA^O and a relatively 
long service life (2 75,000 hours). By way of comparison, a 75 W carbon filament lamp has a 
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luminous efficacy of approximately 2 Im/W and an average service life of less than 1,000 
hours. 

In operation, in the known lamp light is generated in that the (incandescent) 
body in a (vacuumtight) envelope is heated by means of an electric current, causing said body 
5 to emit light at a high temperature. In the known lamp, the (incandescent) body constitutes the 
so-called primary light source. In accordance with the invention, the (incandescent) body of 
the known lighting system has been replaced by a combination of at least an opto-electronic 
element and (a body provided with) conversion means which convert light, which is emitted 
by the opto-electronic element in a first wavelength range, to light in a second wavelength 

10 range. In the lighting system in accordance with the invention, the opto-electronic element is 
considered to be a primary light source, and the conversion means are considered to be a 
secondary light source. The conversion means are excited by light originating from the opto- 
electronic element. A part of this light is converted by the conversion means, for example via a 
process of absorption and emission, to (visible) light in the second wavelength range. 

15 In accordance with the invention, the light-transmitting envelope further 

comprises a coating which at least partly reflects light of the first wavelength range. As a 
result, it is achieved that light of the first wavelength range, which originates from the opto- 
electronic element and which is not directly absorbed by the conversion means and converted 
to light in the second wavelength range, is reflected by the reflective coating applied to (an 

20 iimer surface oO the envelope and still absorbed by the conversion means and converted to 
light in the second wavelength range. Light originating from the conversion means is allowed 
to pass by the envelope coated with the reflective layer. The reflective coating causes the body 
which, in principle, is irradiated only from below to be a homogeneously radiating body. 

In accordance vnth the measure of the invention, a high-efficacy lighting 

25 system having a relatively long service life is obtained. In the lighting system in accordance 
with the invention, the envelope no longer serves as a vacuum envelope but as a means for 
providing the reflective coating. As a result of the fact that the lamp in accordance with the 
invention no longer has a vacuum envelope, said lamp in accordance with the invention is also 
safer to use. The envelope provided with the reflective coating may also be omitted, if so 

30 desired. The lighting system then comprises a combination of at least an opto-electronic 
element and (a body provided with) conversion means. 

Preferably, the conversion means comprise a luminescent material. Such 
materials are particularly suitable because they generally have a high quantum efficiency and a 
high lumen equivalent (expressed in ImAV), so that a high limiinous efficacy of the lighting 
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^ is achieved. In addition, a gr.a. variety of (stable) inorganic and organic luminescent 
niaterials (phosphors) is known, which makes it easier to choose a suitable material for 
aohievmg the object of the invention (improving the color rendition). 

TTe luminescem material can preferably be excited by light originating ihm, the 
5 wavelength range of 400 to 500 mn. As a result of dus sensitivity, the luminescent material 
can particularly suitably b. used to absorb, in particular, blue light Tins absorbed Ugh. is vety 
efflcently converted by fl« luminescent material ,„ visible light in the further wavelengd, 
nmge, for example green or red light. He desired color ,empe««« of d„ lighting system 
depends on a» plication. For a Ughting system in fl,e form of a look-alike of a carbon 
0 filament lamp, a relatively low color temperature is desired. For other applications, light 
havmg a high color temperature may be obtained. 

A particulariy attractive embodiment of the lighting system in accordance with 
|he mvendon is characteri^d in that the a. leas, one opto-electronic elemem comprises a blue 
hght-emitting diode, and that the conversion means comprise a luminescent material for 
converting a part of the light emitted by the blue light-emitting diode to red light. 

Prefetably, the maximum of the spectral emission of the blue light-emitting 
dtode hes m the wavelength range fiom 460 to 490 mn, and the maximum of spectral 
em.ss,on of the red light-emitting luminescent m«erial lies in ^ wavelength range ftom 61 0 
to 630 nm. 

In a favorable embodiment of the lighting system in accotdance with the 
mvent.0^ a luminous flux of the opto-electronic element is, during opemtion. at leas. 5 Im 
The mvented lighting system enables a continuous, uniform illumina.ion wi.h a high i„.ensi.y 
to be obtained. It has been found fltat opto-electionic elements having a luminous flux of 5 Im 
or more can only be applied in an efficacious manner if fte ligtaing system comprises heat- 
d^stpating means. Only lighting sys.ems p«.vided wiA op.o-elec.ronic element having such 
a h.gh lummous flux can replace customary incandescent lamps. A particular aspect of the 
mvenflon resides in that the heat-dissipating means dissipate the heat generated during 
operanon of the lighting system to a lamp cap of the Ughting system and/or tite mams supply 
connected thereto. 

These and other aspects of the invention wiU be apparent from and elucidated 
with reference to the embodiment(s) described hereinafter. 



In the drawings: 
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Fig. 1 shows, partly in cross-section and partly in side-elevation, a first 
embodiment of the lighting system in accordance with the invention; 

Fig, 2 A is a cross-sectional view of an embodiment of the body in accordance 
with the invention; 

Fig. 2B is a cross-sectional view of an alternative embodiment of the body in 
accordance vnth the invention, and 

Fig. 2C is a cross-sectional view of a further alternative embodiment of the 
body in accordance with the invention. 

The Figures are purely diagrammatic and not drawn to scale. Particularly for 
clarity, some dimensions are ex^gerated strongly. In the Figures, like reference mmierals 
refer to like parts whenever possible. 

Fig. I shows an embodiment of the lighting system in accordance v^th the 
invention, partly in cross-section and partly in side-elevation. Said lighting system comprises, 
in this example, a body 1 in the form of a spirally wound wire. The lighting system further 
comprises an envelope 5 which is light-transmitting and a lamp cap 7 which is known per se. 
In accordance with the invention, the lighting system includes at least one opto-electronic 
element 2, 2Mn the example of Fig. 1, two opto-electronic elements 2, 2' are shown. Such 
opto-electronic elements are composed of a body for generating and emitting light in a 
predetermined wavelength range, during operation, and they are generally provided with a 
light-transmitting envelope, for example in the form of a lens. Suitable opto-electronic 
elements 2, 2' are so-called electroluminescent elements, for example light-emitting diodes 
(LEDs), such as diodes emitting light of a specific color. Suitable LEDs include, inter alia, 

- blue GaN LEDs (make Nichia): emission maximum: 470 nm, FWHM = 20 nm; 

- blue-green GaN LEDs (make Nichia): emission maximum: 520 nm, FWHM = 40 nm; 

- yellow GaP LEDs (make Hewlett Packard): emission maximum: 590 nm, FWHM = 20 
nm. 

The body 1 is provided with conversion means 3. Said conversion means 3 are 
excited by light origuiating from the opto-electronic element 2, 2*. A part of this light is 
converted by the conversion means 3 to (visible) light in the second wavelength range. In the 
example oif Fig. 1 , the body 1 is not entirely provided with conversion means 3. The parts of 
the body 1 which do not have to emit light are not provided with the conversion means 3. 

The conversion means 3 preferably comprise a luminescent material. Suitable 
luminescent materials for converting blue light to green light are: 
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(Sr,Ca).Si04: Eu-. B..SiO,: E„-, SrGaA. ZnS: Cu^ ZnS: Au*, ZnS: Al^ (Zn.Cd)S- Ag* 
and CaS: Ce *. Suitable luminescent materials for converting blue light or green light to red 
hght ^: CaS.- Eu.Mn; CaS: Eu; SrS: Eu; (Zn,Cd,S: Ag; SrO: Eu; Sr3B.O.: Eu; Sr^MgCBOsk 
Cos: Eu,Mn; CaS: Eu or SrS: Eu. Said materials have a relatively high quannm, efficiency and 
hght absorption. These materials iurther have a relatively very high lumen equivalem upon 
convertmg hght from the first wavelength range to light of flre second wavelength range. 

The (visible) light-transmitting envelq* 5 of the Ughting system is provided 
wtth a coating which (parUy) reflects Ugh, of the firs, wavelength range. As a result dKreof 
hght of the first wavelenga, range which originates fi^n the opto-eleconic element 2, T. ^d 
wtach .s not directly, or no, completely. conve,«d to Ugh, in the second wavelength range by 
the conversion means 3 is reflected by the reflective coating 6 applied to tire envelope 5 and 
Still converted by tite conversion means 3 to Ugh, m the second wavelengti, range Light 
ongmating from fte conversion means 3 is passed by tire envelope 54 coated wifl, tiK 
reflective coating 6. 

Preferably, the coating 6 comprises a multilayer reflective coating. Such coating 
layers can be readily applied by means of coating techniques which are known per se (v^r 
deposmon, sputtering, chemical vapor deposition, dip coating). A suitable coating layer 
comprises a coating composed of a stack of relatively thin layers of a material having 
alternately a high and a low refractive index, for example Nb^O. Ta^O, or SiaN. being used as 
the material having a high refractive index, and, for example SiO. or MgF. bemg used as the 
material having a low t^ftacti ve index. By a suitable choice of the respective layer thicknesses, 
toe desired reflection specttum is obtained. 

Preferably, tile coating 6 reflects blue light. If die opto-electionic element 2 2' 
«nits blue Ugh, tiiis light provided it is not converted by the conversion means 3, is reflec'ted 
by tiie coating 6, so such Ugh, cannot leave tiie envelope 5. Light originating ftom tiie 
conversion means 3 is passed by tiie envelope 5 coated with the «flective layer. Consequentiy 
the lighting system m accordance witi, Uie invention has a body which, in operation. emlB 
Visible light. 

Preferably, the coating 6 is provided at a surface of the envelope 5 which is 
directed towards the body 1 . By virtue thereof, damage to the coating during operation of the 
lightmg system is precluded. 

In the example of Fig. 1, the lighting system is provided with an adjusting ring 
8 for changing the luminous flux of the opto-electronic element. This adjusting ring 8 enables 
the hghtmg system to be dimmed, as it were. n,e lighting system may also be pmvided with a 
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second adjusting ring (not shown in Fig. 1) by means of which the luminous flux of the opto- 
electronic elements 2, 2' can be changed with respect to each other. The lamp may also be 
provided with a third adjusting ring (not shown in Fig. 1) by means of which the color and/or 
the color temperature of the light emitted by the lighting system can be changed. Said 
adjusting rings may also be integrated so as to form a single adjusting ring having various 
adjustment positions. The lighting system may additionally be provided with extra opto- 
electronic elements, for example of a different color, so that the desired color rendering index 
of the lighting system is obtained. 

The lighting system in the embodiment shown in Fig. 1 is a look-alike of a 
carbon filament lamp because the body 1 comprises a spirally wound wire which, in operation, 
emits visible light, and because the lighting system is provided with a light-transmitting 
envelope. The conversion means on the spiral convert blue light originating from the opto- 
electronic elements to visible light in a higher wavelength range than that of the blue light. In 
comparison with the known lighting system, the lighting system m accordance with the 
invention has the advantage that a relatively high luminous efficacy (S 20 kn/W) of the system 
and a very long service life (^75,000 hours) are achieved. 

Figs. 2A, 2B and 2C diagrammatically show cross-sectional views of various 
embodiments of the body in accordance with the invention. Fig. 2A shows a body in the form 
of a cross-shaped element 21 provided with conversion means 23. Fig. 2B shows a body in the 
form of a star-shaped element 31 provided with conversion means 33 and supporting means 
37. In general, the supporting means 37 are not provided with a coating. Fig. 2C shows a body 
in the form of a decorative element 41,41' provided with conversion means 43, 43'. Fig. 2C 
does not show supporting means which are used to secure the decorative element 41, 41 ' to the 
lamp cap. 

It will be clear that within the scope of the invention, many variations are 
possible to those skilled in the art. For example, the shapes of the bodies are not limited to the 
shapes shown in Figs. 1 , 2A, 2B and 2C. Many alternative embodiments are possible, such as 
(three-dunensional) bodies in the form of so-called devotional elements, such as statues in the 
form of (saint's) figures. Other alternative embodiments include models of architectural origin 
or pictures or otiier (two-dimensional) images which are provided with luminescent materials 
(by the user) at suitable locations (for example at the edge). The body may alternatively 
(partly) allow passage of (visible) light, so that the opto-electronic elements are hidden 
underneath the body and constitute a part of the lighting system which is invisible to the 
observer. The application of the conversion means is not lunited to one type thereof 
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Alternatively, a combination of conversion means or luminescem maKrials may be u«d 
F„«hennore, abo various parts of the body may be coated with different conversion means so 
a.at these parts may t«ve a different color. By suitable combinations of optoelectronic ' 
elements and conversion means, various light and color effects can be «=hieved. which can be 
adjusted (via an adjusting ring) by the user. For example, by a suitably chosen combinadon of 
blue and green opto-electronic elements with a phosphor which is sensitive to both blue and 
green hght and which emits red light, a color effect can be obtained by changing the balance 
between blue and green Hght. In this case, i, is desirable for the reflective coating to partly 
reflect both blue and green light. He envelope of th. lighting system ptovided with the 
reflective coating may be omitted, if so desired. In this case, the lighting system comprises a 
combmation of at leas, one optoelectronic element and (a body provided with) conversion 

means. I, is also possible ,o omit the reflective layer, in this case, U,e body is irradiated only 
flom below and no longer emits light homogeneously. 

The scope of protection of the invention is not limited to the above examples 
Tlte mvention is embodied in each new characteristic and each combmation of characteristics 
Reference numerals in tite claims do not limit ^ scope of protection fl»reof. Tie use of tite ' 
tenn "comprising" does not exclude the presence of elements oflter ti«n titose mentioned in 

the claims. The use of the term r^r- "o^" i 

seoimeterm a or an before an element does not exclude the presence of 
a plurality of such elements. 
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CLAIMS: 



1 • A lighting system comprising a body (1 ) which, in operation, emits visible light 

and comprising an envelope (5) which transmits light, characterized 

in that the lighting system comprises at least one opto-electronic element (2, 2') 
which, in operation, emits light in a first wavelength range, 

in that the body (1 ) is provided with conversion means (3) for converting light 
of the first wavelength range to light of a second wavelength range, and 

in that the envelope (5) is provided with a coating (6) which at least partly 
reflects light of the first wavelength range. 

2- A lighting system as clauned in claim 1 , characterized in that the conversion 
means (3) comprise a luminescent material. 

3- A lighting system as claimed in claim 1 or 2, characterized in that the 
conversion means (3) can be excited by light originating from the wavelength range of 400 to 
500 nm. 



An opto-electronic element as claimed in claim 1 or 2, characterized in that the 
opto-electronic element (2, 2') comprises a light-emitting diode. 

5. A lighting system as claimed in claim 1 or 2, characterized in that the coating 

(6) comprises a multilayer reflective coating. 

^- A lighting system as claimed in claim 1 or 2, characterized in that the coating 

(6) reflects blue light. 

A lighting system as claimed in claim 1 or 2, characterized in that the coating 
(6) is provided at a surface of the envelope (5) which is directed towards the body (1). 
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8- A lighting system as claimed in claim 1 or 2, characterized in that the body (I) 

comprises a spirally wound wire. 

9. A lighting system as claimed in claim 1 or 2, characterized in that the body 
comprises a cross-shaped elemem (21). a star-shaped element (31) or a decorative element (41 
41'). 

10. A lighting system as claimed in claim 1 or 2, characterized in that, in operation, 
a limainous flux of the opto-electronic element (2. 2') is at least 5 hn. 



00e3977Al J_> 



wo 00/63977 



1/2 



PCT/EPOO/03074 




iSDOCID: <WO____ 0063977A1„I „> 



wo 00/63977 



PCT/EPOO/03074 



2/2 







i 










2t 



23 



FIG. 2A 




FIG. 2C 



.00e3977Al_L> 



INTERNATIONAL SEARCH REPORT 



Inten nal Application No 

PCT/EP 00/03074 



A. CLASSIFICATION OF SUBJECT MATTER , , , , 

IPC 7 H01L33/00 H01L25/075 F21K7/00 //F21W121:00 



According to tntemational Patent Classiticatton (IPC) or to taoth national dassificatiQn and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symlxsis) 

IPC 7 F21K HOIL 



Documentation searched other than minimum documentation to the extent that such documents are Included in the fields searched 



Electronic data base cortsuited during the international search (name of data base and, where practicat. search twns used) 



EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVAICr 



Category ° Citation of document, with indication, where appropriate, of the reievant passages 



Relevant to claim No. 



us 5 813 753 A (RONDA CORNELIS ET AL) 

29 September 1998 (1998-09-29) 

column 3, line 17 - line 43 

column 4, line 65 -column 5, line 16 

column 6, line 66 -column 7, line 1; 

figures 

US 3 593 055 A (GEUSIC JOSEPH E ET AL) 

13 July 1971 (1971-07-13) 

column 4, line 46 - line 63; figures 

US 3 932 881 A (MITA YOH ET AL) 

13 January 1976 (1976-01-13) 

column 3, line 19 -column 5, line 14; 

figures 

-/-- 



1-6 



1.2,4,7 



1.2,4,7 



HI 



Further documents are K^ed in the continuatk>n of box 0. 



Patent family members are listed in annex. 



" Special categories of cited documents : 

"A" document defihtng the general state of the art which Is not 
considered to be of particular relevance 

"E" earlier etocument but put>{lshed on or after the international 
filing date 

•L" document wNch may throw doubts on priority claim<s) or 
which is dted to establish the putMication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exNfoition or 
otfier mesHis 

"P" document published prior to the intemationat fifing date but 
later than the priority date claimed 



T" later document published after the intemational filing date 
or priority date and not rt conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X* document of particular retevarKe; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

•Y" document of parttcular mievance: the claimed inventi<^ 

camot be considered to involve an inventive step when the 
doci^ent is combrted with one or more other slk^ docu^ 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the intemationsd search 



7 July 2000 



Date of mailing of the international search report 



17/07/2000 



Name and mailing addr^s of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70) 340-^16 



Authorized officer 



Brevier, F 



Form PCT/ISA/210 (s«oond sh«9t) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C.(Contlnu«tion) DOCUMENTS CONSIDERED TO BE RELEVANT 



Interr lat Application No 

PCT/EP 00/03074 



Category 



Citation o* document, with indication, where appropriate, of the relevant 



passages 



I Relevant to daim No. 



EP 0 855 751 A (IBM) 
29 July 1998 (1998-07-29) 
column 5, line 25 - line 49; figures 
5 , 6A , 6B 



Form PCT/ISAStO (oontinuaiion at sacond «haat) (July 1992) 



page 2 of 2 



SCXaCID: <WO {J083977A1.J. 



INTERNATIONAL SEARCH REPORT 

infbrmatJofi en patent family members 



intet jnal Application No 

PCT/EP 00/03074 



Patent document 
cited In seardi report 



Pubficatron 
date 



Patent family 
member(s) 



Publication 
date 



us 


cot O "7 C 

5813753 


A 


29-09-1998 


EP 


0922305 


A 


16-06-1999 










WO 


9854929 


A 




us 


3593055 


A 


13-07-1971 


BE 


748882 


A 


16-09-1970 










DE 


2018318 


A 


12-11-1970 










FR 


2043402 


A 


12-02-1971 










GB 


1284659 


A 


09-08-1972 


us 


3932881 


A 


13-01-1976 


JP 


49046382 


A 


02-05-1974 










JP 


49075082 


A 


19-07-1974 


EP 


0855751 


A 


29-07-1998 


US 


5898185 


A 


27-04-1999 










US 


5895932 


A 


20-04-1999 










JP 


10214992 


A 


11-08-1998 



form PCT/ISA^IO (patent famfly annexl (jyy 1992) 
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